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ABSTRACT 


As  the  maintenance  cost  continues  to  soar,  the  application  of  con^iuter 
program  for  testing  components  becomes  necessary.  This  report  describes  the 
specification  and  usage  of  automatic  computer  program  generation  for  Automatic 
Test  Equipment  (ATE).  The  function  of  the  automatic  generated  program  is 
to  validate  UIJT  (Unit  Under  Test)  design,  test  point  availability  and  packaging. 

The  system  is  referred  to  as  NOPAL,  an  acronym  for  Non -procedural 
Operational  Performance  Analysis  Eanguage.  "Non-proceduralness"  is  the 
essential  feature  of  the  NOPAL  lang\iagc;  in  that  test  modules  are  specified 
modularly,  and  independently,  one  upon  another.  Therefore,  the  additions 
and/or  modifications  of  tests  can  be  incorporated  easily  and  they  are 
automatically  attached  in  the  proper  places  in  the  program. 

The  report  consists  of  five  sections.  Introduction,  EBNF  Specification, 
Test  Module  Specification,  UUT  Specification,  and  ATE  Specification.  For 
each  NOPAL  statement,  its  EBNF  definition,  syntax  diagram  and  examples 
are  provided. 
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SECTION  1 
INTRODUCTION 


As  maintenance  costs  continue  to  soar,  sometimes  exceeding  procurement 
costs,  the  cost  effectiveness  of  using  computers  to  reduce  the  time 
required  to  test  mechanical  and  electrical  equipment  becomes  apparent.  The 
Automatic  Test  System  (ATS) , is  designed  to  effectively  reduce  the  major 
cost  in  maintenance  i.e.  diagnosis  and  fault  location.  The  hardware 
component  of  the  ATS  is  the  Automatic  Test  Equipment  (ATE) . The  software 
component  of  ATS  is  the  computer  programs  which  direct  the  ATE  to  execute 
specified  tests  by  prescribing  stimuli  and  measurement  for  the  Unit  Under 
Test  (UUT).  The  ATE  applies  these  stimuli  and  perform  prescribed 
measurements  at  the  UUT/ATE  interface.  Additionally,  the  ATE  software 
component  performs  the  necessary  amputations,  makes  the  fault/safe  decisions, 
and  diagnoses  the  causes  of  the  failure. 

A software  system,  NOPAL  or  Non- Procedural  Operational  Performance 
Analysis  Language  Processor,  has  been  developed  for  the  automation  of  ATE 
program  production.  The  main  objective  of  this  report  is  to  describe  the 
structure  and  use  of  the  NOPAL  language  and  programming  Automatic  Test 
Systems  (ATS). 

The  Operational  Performance  Analysis  Language  (OPAL)  was  developed  for 
programming  Automatic  Test  Systems.  It  was  designed  to  be  used  in  testing 
a broad  range  of  equipment  including  electronic,  mechanical,  hydraulic  or 
optical  machines.  Also,  an  OPAL  program  can  potentially  be  run  on  a variety 


of  ATI!  configurations.  OPAL,  high  level  computer  language,  like  the  high 
level  language  BAS  1C,  begins  with  a keyword,  such  as  (ALL,  CLOSE,  DECIARE, 
DEFINE,  GOTO,  I!:,  REPEAT,  etc.  OPAL  has  a commonly  used  programming  structure 
such  as  BEGIN_END  block,  IF  THEN  ELSE  statement,  CALL  RETURN  function,  GOTO 
transfer,  etc.  It  also  contains  a number  of  built-in  computational  functions 
such  as  ABS,  MAX,  MIN,  SIN,  COS,  LOG,  SORT,  etc.  An  OPAL  Processor  is  being 
developed  to  interpret  the  OPAL  source  program. 

The  main  disadvantage  of  OPAL  arises  from  the  fact  that  the  user,  i.e. 
the  maintenance  engineer  or  technician,  must  know  computer  programming  and 
incorporate  test  sequencing  into  his  program.  For  example,  the  user  must 
explicitly  specify,  e.g.,  via  a GOTO  statement,  the  next  test  to  be  executed. 

He  also  must  plnn  storage  assignments.  Moreover,  OPAL  requires  many  statements 
to  describe  a single  test.  In  order  to  overcome  these  drawbacks,  NOPAL  was 
introduced. 

There  are  several  essential  features  of  the  NOPAL  language.  One  of  them 
is  the  methodology  of  non-proccduralness ■ Test  modules  are  specified 
modularly  and  independently  one  after  another.  The  sequencing  of  execution 
of  tests  is  determined  automatically  in  accordance  with  a fault  locating 
strategy.  Therefore,  it  is  not  necessary  for  users  to  provide  information 
about  the  sequence  in  which  test  are  to  be  executed.  Also,  there  is  no 
need  for  GOTO  or  CALL  type  statements.  Sequencing  execution  and  synchronizing 
each  interactive  statement  are  handled  automatically  by  the  automatic  program 
generation  software  referred  to  as  the  NOPAL  Processor. 

Because  of  this  non-proceduralness,  another  aspect  of  NOPAL  is  its' 


incremental ity,  in  the  sense  that  additions  and/or  modifications  of  the  test 
specification  can  be  incorporated  easily.  For  example,  when  tests  are  added 
due  to  design  changes,  the  user  need  not  expend  effort  to  modify  the  specifications, 
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hut  only  needs  to  add  the  new  part.  The  NOPAL  Processor  will  then  produce 
a new  test  program  automatically  and  report  the  problems  in  the  modified 
specification,  if  any,  to  the  user. 

Another  important  characteristic  of  NOPAL  is  that  there  is  no  need  to 
specify  storage  assignments.  The  NOPAL  Processor  itself  maintains  several 
descriptive  libraries  which  enables  the  sharing  of  common  data  by  different 
modules. 

A NOPAL  statement  can  be  cither  manually  prepared  by  the  user  or 
generated  by  fault  simulation.  The  collection  of  NOPAL  statements  describing 
a functional  module  is  referred  to  as  a specification.  The  information 
needed  by  NOPAL  can  be  classified  into  three  parts:  (1)  test  modules 

specification,  (2)  U1JT  specification  and  (3)  ATI:  specification.  Section  2 
describes  the  Lxtended  Backus  Normal  Porm  Specification  of  NOPAL.  Sections  3 
to  5 provide  a detailed  description  of  each  of  the  above  three  specifications, 
including  formal  definitions,  ases  and  examples. 

Appendix  A provides  a complete  listing  of  NOPAL  F.BNF  Specifications. 

Finally,  in  order  to  make  it  easier  to  understand  the  various  aspects  of  the 
NOPAL  language,  a sample  test  specification,  called  "CPS  #10559261",  which 
performs  fault  analysis  for  a control  power  system  is  provided.  It  will  be 
referenced  throughout  the  remainder  of  this  report  to  exemplify  various 
statements  in  NOPAL.  The  complete  source  and  formatted  listings  of  "CPS  #10559261" 
can  be  found  in  Appendix  B. 
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SECTION  2 

EBNF  SPECIFICATION  OF  NOPAL 

2.1  GENERAL  EBNF  SPECIFICATION 

The  formal  syntax  of  NOPAL  is  given  in  Appendix  A,  in  Extended  Backus 
Normal  Form  (EBNF)  specification  language.  Strings  of  characters,  called  non- 
terminals enclosed  by  angle-brackets  < > represent  syntactical  names;  and 
non-bracketed  names  represent  terminal  symbols,  as  in  conventional  BNF.  The 
only  two  extentions  to  that  are  optional ity  and  repetition.  Units  enclosed  in 
square  brackets  [ ] indicate  that  they  are  optional,  i.e.  , they  may  appear 
zero  or  one  times.  When  an  asterisk  also  follows  the  right  square  bracket  ]*, 
this  indicates  that  the  enclosed  item  may  be  repeated  zero  or  more  times.  To 
improve  readability  of  EBNF  specification,  the  entries  in  Appendix  A have  been 
indented  to  reflect  the  various  levels.  Also,  level  numbers  have  been  assigned 
to  indicate  the  depth  within  the  tree  structure.  Line  numbers  at  the  right 
of  each  EBNF  specification  are  for  easy  reference. 

Fundamental  syntactic  units  used  in  NOPAL  are  shown  on  lines  #1-52, 

Appendix  A.  Most  of  them  are  self-explanatory.  They  have  the  usual  syntactic 
structure  common  to  other  programming  languages  such  as  FORTRAN,  PL/1 , etc.  Some 
brief  descriptions  as  well  as  examples  are  given  in  the  following  sub-sections. 

2.1.1  STRING  CONSTANT 

Table  2.1  shows  the  EBNF  specification  for  string  constant  (STRINGCONST) . 

A string  constant  can  be  either  a character  string  or  a bit  string.  Both  of 
them  are  enclosed  by  a single  quotation  mark,  '.  A character  string  is  composed 
of  any  number  of  the  keyboard  characters.  But  a bit  string  consists  of  only  0's 
and  l's,  and  ends  with  the  character  "B".  For  instance,  'ABC123',  '-I5Q', 

'$*J1_56B'  are  character  strings.  '010'B,  '10110'B  are  bit  strings.  All  characters 
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enclosed  by/*  and  */  are  considered  to  form  a comnent  statement.  For  example, 

/*  I [FRF.  FINDS  THE  TEST  */  is  a comment. 

2.1.2  NUMBER 

Table  2.2  shows  the  EBNF  specification  for  number  (NUMBER).  A number 
can  be  either  signed  or  unsigned,  integer  or  floating  point  and  may  appear  in 
exponential  form.  For  example,  +1.8,  -250.13,  -21.38E+02  are  numbers. 

I 

2.1.3  VARIABLES 

Table  2.3  shows  the  EBNF  specification  for  the  variables  (VARIABLE).  A 
variable  is  either  a single  variable  or  a subscripted  variable.  A single  variable 
is  a variable  name,  which  mast  begin  with  a letter  and  may  be  followed  by  more 
letters  or  digits.  Twenty- six  alphabetic  and  four  special  characters,  0,  #,  $, 
and  _,  are  considered  to  be  letters.  For  example,  El,  XYZ  are  correct  variables 
while  3YQ  is  not.  A subscripted  variable  is  a variable  name  followed  by  a subscript 
list.  A subscript  list,  enclosed  by  parentheses,  is  composed  of  one  or  several 
arithmetic  expressions.  For  example,  VAR  (PI*2)  is  a subscripted  variable. 


2.1.4  ARITHMETIC  EXPRESSIONS 

Table  2.4  shows  the  EBNF  for  an  arithmetic  expression.  An  arithmetic 
expression  is  a combination  of  integers/variables  and  functions,  with  the 
mathematical  operators  +,  -,  *,  /,  and  **  that  evaluate  to  a value.  A function 
is  a function  ID  (identifier)  followed  by  zero  or  several  arguments.  For  instance, 
SINE  (2*PI*K/N)  is  a function  with  one  argument.  The  order  of  precedence  for 
evaluating  an  arithmetic  expression  is  in  order  of  priority  from  high  to  low: 
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TABLE  2.4  EBNF  SPECIFICATION  OF  ARITHMETIC  EXPRESSION 
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(1)  IJnit  enclosed  in  parentheses 

(2)  Exponentiation  ** 

(3)  Multiplication  * and  Division  / 

(4)  Addition  + and  Subtraction  - 

Some  good  examples  of  arithmetic  expressions  arc:  x,  (x  + y)*Z, 

MAX  (P**Q,Q/P) , etc. 

2.1.5  IF  CLAUSE 

Table  2.5  shows  the  EBNF  specification  for  an  if-clause  (IFCLAUSE). 

The  if-clause  causes  execution  of  a statement  depending  on  the  value  of  a 
Boolean  term.  A relational  expression  is  a combination  of  variables,  constants, 
mathematical  operators,  and  the  relational  operators  ( <»  *,  =,—»,  etc.) 
that  evaluate  to  cither  TRUE  or  FALSE.  For  example,  the  relational  expression 
(A*B)  > (A**B)  will  be  cither  TRUE  or  FALSE,  depending  on  the  values  of  A and  B. 

A Boolean  term  is  an  expression  that  uses  relational  expressions  and  logical 
operators  such  as  (NOT),  (AND),  "/"  (OR),  etc.  For  example,  (A>B  | B>C) 
is  a Boolean  term.  Note  that  Boolean  te.ms  also  return  a TRUE  or  FALSE  value. 

2.1.6  CONNECTION  DIMENSION  EXPRESSION  AND  VALUE  DIMENSION  EXPRESSION 

Table  2.6  shows  the  EBNF  specification  for  the  connection  dimension  expression 
(CONNDIMEX) , which  consists  of  a connector  and  a dimension.  A connector  is  one 
or  several  UUT  point  ID,  enclosed  by  angle  brackets  ">".  For  example, 

<J1-A,  JX-Y>  VOLT  is  a connection  dimension  expression.  If  the  connector  is 
replaced  by  an  arithmetic  expression,  c.g.,  (Y  + 5)  *2  VOLT,  it  becomes  a value 
dimension  expression  (VAL  DIM  EX). 


TABLE  2.6  HB\'F  SPECIFICATION  OF  CONNECT  I CM  DIMENSION  EXPRESSION!  .AND  VALUE  DIMENSION!  EXPRESSION 


2.1.7  FUNCTION  DIMENSION  EXPRESSION' 

Table  2.7  shows  the  EBNF  specification  for  function  dimension  expression 
(FUNC_DIM_EX) . It  is  used  in  stimuli  or  measurement  conjunctions.  The  basic 
unit  of  FUNC_DIM  EX  is  function  primary,  which  is  a function  ID  that  may  be  followed 
by  several  functional  arguments.  For  example,  GEN  ( < = XYZ  UZ,  'R1  FAILS')  is 
a function  primary.  Function  dimension  expressions  are  a combination  of  function 
primary,  constant,  and  mathematical  operators  such  as  +,  -,  * and  /.  For  instance, 

3 * SUPPLY  (2  * PI  HZ)  is  a FUNC_l)IM  EX. 

2.2  NOPAL  TEST  MODULES,  UUT  AND  ATE  SPECIFICATIONS 

A high  level  definition  of  a NOPAL  statement  is  shown  beginning  at 
line  #53  in  Appendix  A.  The  following  is  an  example  taken  from  the  top 

level  of  EBNF  NOPAL: 

< NOPAL_SPEC I F I CAT T ON  > ::=  |NOPA!,|  SPECIFICATION  [<  SPEC  NAME  >]; 

[<  NOPAi  . STMTS  > 1* 

END  [ < SPF.C_NAME  > ] ; 

A test  specification  in  NOPAL  mast  begin  with  the  keyword  "SPECIFICATION", 
optionally  prefixed  with  the  keyword  "NOPAL".  Note  that  in  string  NOPAI,  language, 
if  a keyword  is  composed  of  more  than  five  characters,  then  only  the  first  four 
are  significant.  For  example,  the  keyword  "SPECIFICATION"  can  also  be  written 
as  "SPEC,'  "SPECIFY,"  etc.  The  SPEC  NAME  following  "SPEC"  is  the  identifier  for 
the  whole  test  specification  and  it  may  appear  in  the  last  "END"  statement. 

Basically,  the  NOPAI.  structure  corresponds  to  PL/1  "BEG1NEND"  blocks.  In  between, 
there  exists  three  classifications  of  statements  as  mentioned  before,  test 
module  specification,  UUT  specification  and  ATE  specification.  Tliis  breakdown 
is  illustrated  by  the  second  level  EBNF  specification. 

<NOPAL_STMTS  > : :=  < TEST_MODULi:_SPEC  >|  < UUT_SPEC  > | < ATE_SPEC  > 
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Note  tint  the  order  of  each  specification  and  the  order  of  the  state- 
ments within  each  specification  generally  have  no  importance;  the  few 
exceptions  are  discussed  in  Section  3.1.1. 

2.3  SYNTAX  DIAGRAMS 

In  addition  to  NOPAL  definitions,  the  usage  of  the  NOPAL  language  is 
also  described.  In  order  to  get  the  semantic  flavor  of  the  syntactical  rules 
in  FBNF,  a graph  of  syntax  diagrams  of  F.RNF  is  given,  utilizing  the  following 
conventions: 

(1)  Heading  of  the  graph  is  placed  in  the  center  above  the  main  graph 
and  is  the  left  hand  side  unit  of  a production  rule. 

(2)  Syntactical  unit  fi.e. , non-terminal)  is  indicated  by  all  capital 
letters  underlined. 

(3)  Tokens  (i.e.,  terminal  symbols')  are  not  underlined. 

(4)  Optionality  indicated  by  square  brackets  [ ] , as  in  F.BNF. 

(5)  Repetition  indicated  by  asterisk  *,  as  in  EBNP. 

In  the  example  shown  in  Figure  2.1,  the  boxes  are  optional  and  given  some 
detailed  explanations  of  the  reference  unit.  Also,  selectiveness  is  represented 
by  a large  left  bracket  as  shown  in  the  example  in  Figure  2.2. 


I<> 


< EXPONENT > : > E [<SIGN>]  < DIGIT>  [<DIGIT>] 

(Q) 


EXPONENT 


Example  E + 16  , E -5 


(b) 


riQIRi;  2.1.  (iliMliKAI,  II, MIST  RATION1  01  I:.BN1:  ( n ) AND  ITS  SYNTAX  DIAGRAM  (h) 


fe  * 


17 


< STRING  CONST  > ::=  < QIARSTRING  > | < BIT  STRING  > 
is  represented  as: 

STRI NC_00NST 

j QIARSTRING 

v 

BIT  STRING 

V 


FIGURE  2.2  ILLUSTRATION  OF  SELECTIVENESS 
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si:cr  i on  3 

TEST  MODULES  SPEC  II’ I CAT  ION 


3.1  OVERVIEW  OF  TliST  MODULES  SPECIF! CAT I(M 

The  inputs  to  the  Automatic  Test  Equipment  (ATE)  production  software  are 
envisaged  as  coming  from  either  of  two  sources:  (1)  the  simulation  software 

or  (2)  manual  input.  The  test  modules  specifications  are  referred  to  as  test 
steps  or  test  modules.  Each  test  module  consists  of  stimuli , measurements , 
logic  and  diagnosis.  These  may  be  obtainable  directly  from  the  simulation 
component.  These  test  modules  can  also  be  conveniently  specified  manually,  using 
a tabular  or  a string  format.  For  older  equipment,  test  procedures  already 
described  in  manuals  need  to  be  translated  manually  into  this  language. 

Table  3.1  illustrates  a tabular  form  for  specifying  test  modules  in  which 
the  step  numbers  arc  shown  as  well.  Test  modules  are  uniquely  identified  in 
the  left  hand  column  with  labels.  Also,  unique  labels  are  assigned  to  each 
stimuli  and  measurement  portion  of  the  test  and  to  each  diagnosis.  A row  in 
Table  3.1  corresponds  to  a test  module  stimuli  (1)  and  measurement  specification  (2). 
A column  on  the  right  hand  side  of  Table  3.1  corresponds  to  the  diagnosis.  The 
logic  specification  (3),  placed  at  the  intersection  of  the  row  and  column,  connects 
the  respective  stimuli/mcasurements  with  the  diagnoses,  which  indicates  the 
message  (4)  and  operator  interactions  (5).  The  tabular  form  provides  convenience 
in  cases  where  there  are  several  columns  (diagnoses)  per  row  (stimuli/measurements 
specification)  or  several  rows  per  column. 

Syntactically  speaking,  the  test  module  specification  consists  of  a 
collection  of  test  module  sections  as  shown  in  line  #57  of  the  EBNF  specification 
in  Appendix  A.  They  are  further  discussed  in  the  following  sections. 

3.2  TEST  MDDULES 


Usually  there  would  be  several  test  modules  for  testing  each  UUT.  Each 
test  module,  as  shown  in  Figure  3.1,  consists  of  (in  addition  to  the  label) 


TABLE  3. 1 TABULAE  APPROACH  TO  TEST  MODULE  SPECIFICATIONS 


r 

2(1 

TEST- MODULE, SPEC 

TEST- MODULE* 

DIAG-DEFINITION* 
MESS-DEFINITION* 


TEST.  MODULE 


DIAG-  DEFINITION 


DIAGNOSIS  [LABEL  ] [ ! ] 


DIAG-  BODY 


If  the  keyword  >5  characters  long, 
only  the  first  four  count* 


See  Figure  3.20 
and  section  3.3 


DIAGNOSES, DIAGNOSIS,  etc.'. 

* MESS. 

- DEFINITION 

mess[age1  [label]  [:1  mess.body  ; 

▲ 

See  Figure  3.23 

T 

I- MCrlJKi:  5.1.  1 1, 1, l (STRATI  ON  01  TliST  NOIXIIJ:  SI’liOl  I 'I  CAT  ION 
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(1)  stimuli  that  need  to  he  applied  to  the  UUT  at  lest  time,  (2)  the  measurements 
that  need  to  he  taken  with  the  comparisons  that  will  determine  the  results, 

(3)  logic  to  select  diagnoses  based  on  the  results  of  the  measurements,  and 

(4)  the  corresponding  diagnoses.  Semantically  speaking,  stimuli  specify  the 
pins , connections  and  funetjons^  e.g. , IX!  power  supply  function,  needed  to 
generate  the  stimuli  waveforms  to  he  applied  to  the  respective  pins.  ITien  some 
measurement  functions,  e.g.,  testing  constant  voltage  function,  are  taken  under 
some  specified  pins.  The  results  of  the  measurement  are  cormiunicatcd  back 

and  evaluated  to  select  the  appropriate  diagnoses,  which  indicate  the  failure 
modes  in  a message.  The  logical  operators  connect  the  stimuli  and  measurements 
with  the  appropriate  diagnoses  and  operator  interaction  as  specified  in  Table  3.1. 
These  four  components  mentioned  above  are  considered  to  be  the  central  core 
of  NOPAL  language  and  are  discussed  in  detail  in  the  subsequent  sections. 

3.2.1  STIMULI  AND  MEASUREMENTS 

Stimuli  and  measurements  specifications  arc  similar  in  syntax  although 
they  differ  greatly  in  their  interpretation  and  semantics.  Both  of  them  arc 
composed  of  two  parts  (1)  labels  which  are  optional  and  (2)  waveforms.  Con- 
sequently, common  syntax  is  used  for  specifying  stimulus  and  measurement  waveforms. 
The  syntax  diagram  of  stimuli  (measurements)  is  shown  in  Figure  3.2. 

Major  components  of  stimuli  (measurements)  are  exemplified  below: 

(1)  Keyword.  A keyword  "STIMULI"  (or  ' 'MEASUREMENT ')  is  required  to 
specify  the  type  of  statement. 

(2)  Label.  An  unique  label  is  assigned  to  a stimuli  (or  measurement) 

for  identification.  Syntactically,  a label  can  be  either  an  identifier 
or  an  unsigned  integer  as  shown  in  EBNF  specification  below: 

< LABEL  > ::=  < IDENTIFIER  > | < UNSIGNED  INTECER 


> 


STIMULI  (MEASUREMENT) 
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An  identifier  begins  with  a letter  and  is  followed  by  zero  or 
more  letters  or  digits.  Twenty- six  alphabetic  and  four  special 
characters,  @,  #,  $,  and  _,  are  considered  to  be  letters. 

For  instance,  '3',  'R5_J',  '#5^'  are  valid  labels,  while  '3X'  is 
not.  Note  that  the  label  is  not  necessarily  required  to  be  explicitly 
specified.  The  NOPAL  Processor  will  automatically  generate  a label 
for  a stimuli  (or  measurements)  if  the  user  does  not  provide  one. 

(3)  Parent.  A "parent  ">  which  is  also  a label,  is  used  as  a qualifier 

to  indicate  the  parental  relationship.  Thus,  the  parent  of  a stimuli 
(or  measurements)  statement  is  just  the  label  (name)  of  the  test 
module  which  the  current  stimuli  (or  measurements)  statement  is 
associated  with.  Therefore,  the  relation  ensures  the  non -procedural - 
ness  and  statements  then  can  be  put  at  any  place  in  the  specification. 

On  the  other  hand,  if  the  parent  of  a stimuli  (or  measurements)  is  not 
explicitly  specified  by  the  user,  then  the  NOPAL  Processor  will  assune 
and  assign  by  default,  the  last  test  label  as  its  parent.  Consider 
the  example  in  Figure  3.3.  Situations  (a)  and  (b)  are  equivalent; 
namely,  the  stimuli  'V  has  test  * Y*  as  its  parent. 

Note  that  the  restriction  on  non -proceduralness , i.e. , if  no  parent 
field  is  specified,  the  position  of  the  statement  docs  have  significance. 

(4)  Waveforms.  Both  stimuli  and  measurements  have  the  same  structure 
of  waveforms,  which  consist  of  one  conjunction  and/or  one  or  more 
assertions.  Detailed  discussion  is  given  below  in  Sections  3.2.2  and 


3.2.3. 
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Tl  iST  X; 

ST  I Ml II,  I Z(Y); 


TliSI  Y; 


I lClim;  7,.  7.  ILLUSTRATION  ()!•'  Tl i»-  USACIi  OF  PARIiNT  FI  1:1.1) 
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3.2.2  CONJUNCTION 

3. 2.  2.1  GENERAL  .STRUCTURE 

Figure  3.4  depicts  the  syntax  diagram  of  a conjunction.  The  keyword 
(CON. JUNCTION) , label,  and  parent  have  the  same  syntactical  structure  and 
semantic  interpretation  as  that  of  stimul i /measurements  described  earlier  in 
Section  3.2.1.  As  shown  in  Figure  3.4,  a conjunction  body  can  be  either  a 
collection  of  triplets  (to  be  described  in  Section  .3. 2. 2. 2)  or  a back -reference 
(to  be  described  in  Section  3. 2. 2. 4),  but  not  both. 

3. 2.2.2  TRIPLETS 

The  main  conjunction  body  is  just  a collection  of  triplets.  The  components 
of  a triplet  are  basically: 

(1)  Connection  Point.  It  specifics  the  names  of  connecting  points  of 
an  UUT  which  a triplet  waveform  is  to  be  applied  to  or  measured 
from.  The  specification  of  connection  points  is  called  connection 
dimension  expression  where  dimension  has  the  usual  meaning  such  as 
Hertz  (Hz),  Kilovolts  (KV),  or  micro-seconds  (uSEC),  etc. 

(2)  Relation.  In  conjunction  triplets,  only  an  equal  sign  = should  be 
used  to  indicate  the  relation  of  assignment,  as  opposed  to  the 
Boolean  relation  in  assertions  to  be  discussed  in  Section  3. 2. 3.2. 

(3)  Function  Dimension  Expression.  The  third  part  of  a triplet  is 
specified  by  a function  dimension  expression  which  does  not  include 
references  to  connection  points,  but  mast  include  at  least  one  tenn  with 
a reference  to  a function.  For  example, 

< A,  B > = ACM  (VAR  2 RMS,  50  Hz) 

where  ACM  is  an  alternating  current  measuring  function  with  50  Hz 
as  input  value.  After  executing,  this  function  assigns  the  measured 
value  to  VAR2,  a target  variable  to  be  used  elsewhere.  In  this  case, 


IF„  CONJUNCT 


IF-CLAUSE  TRIPLETS*  [ELSE 


TRIPLET- CONJUNCT  j 


I ICimi  3.1  I I.I.IiSTUAT  ION  01'  CON.  I!  NOT I OX  ST  ATI  MC.NT 


27 


the  function  ACM  is  not  considered  as  an  implicit  condition.  By 
default,  this  kind  of  conjunction  returns  a "true"  value.  Consider 
another  example: 

< A,  B >=  ACM  ( <7  volts  RMS,  50  Hz) 
where  the  measured  value  is  compared  to  7 volts  and  a true/false 
condition  is  returned  to  the  triplet. 

Triplets  are  the  fundamental  units  of  a conjunction.  If  more  than 
one  triplet  are  required,  they  are  optionally  enclosed  in  parentheses 
and  connected  by  conjunction  operator  "5".  A typical  stimuli  con- 
junction triplet  is  shown  in  Figure  3.5.  A 1X2  power  supply  function 
called  PSUPPLY,  with  arguments  29  V and  1000  MA  is  to  be  applied  to 
connection  points  J1  G and  J1  B.  At  the  same  time,  another  stimuli 
function,  called  COOLANT,  with  argument  14°  F.  is  to  be  applied  to  a 
connection  point  SI. 

3. 2 . 2 . 3 CONDITIONAL  CONJUNCTION 

Another  alternative  for  triplet  conjunction  is  a conditional  conjunction, 
called  I F_C0N. JUNCTION.  (See  Figure  3.4).  It  looks  like  the  PL/1  or  ALGOL  type 
"IF_THEN_ELSE"  structure.  Figure  3.6  illustrates  a typical  example  of  conditional 
conjunction.  VAR  is  an  input  independent  variable  that  has  been  evaluated  else- 
where and  is  used  by  this  conjunction.  It  is  referred  to  as  a SOURCE  variable. 

IE29VL  and  T which  are  measured  in  this  conjunction  arc  declared  as  TARGET  variables. 

The  declaration  of  variables  will  be  further  discussed  in  Section  3.2.4.  Boolean 
expression,  VAR  < 20. is  first  evaluated  to  set  the  condition  for  selecting  different 

I J 

measurements,  i.e.  AMP_M  function,  applying  to  J1_G  UUT  point  or  TF.MPM  function, 
applying  to  SI  connecting  point.  Note  that,  as  shown  in  Figure  3.4  ir  the  syntax 
diagram^ or  in  lines  #76-77  of  Appendix  A in  F.BNF  form,  the  IF  CONJUNCTION  is 

L.  i A 
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( < JIG,  JIB  > V = PSUPPLY  (29  V,  1000  MA))  5 
( <S1  > = COOLANT  (14  DEG  F)) ; 

FIGURE  3.8.  EXAMPLE  OF  STIMULI  CONJUNCTION  TRIPLET 

IF  VAR  <20  THEN  ( < J 1 G > = AMP  M (IE29VL  MA)) 

ELSE  ( <S1  > = 'IEiMP_M  (TDEGF) ) 

SaiRCE:  VAR  TARGET:  IE29VL,  T; 

FIGURE  3.6  EXAMPLE  OF  A CONDITIONAL  CON.IUNCTTON 


del incd  recursively  and  nested  conditions  are  thoroughly  legal  as  in  PL/1 
or  LISP  high  level  languages. 

3.  2. 2. 4 BACK  REFERENCE 

Frequently  the  same  measurement  (conjunction)  is  specified  in  several 
test  modules  or  a single  stimuli  waveform  is  specified  for  a number  of  different 
test  modules.  Without  duplicating  the  same  conjunction  over  and  over  again, 
NOPAL  provides  a convenient  way  for  the  users  to  handle  the  multiple  occurrences 
of  a conjunction.  This  feature,  called  hack  reference,  has  the  following  EBNF 
structure. 

< BACK_REFERENCE  > ::=  [SAME]  AS  < STIM_MEAS_LABEL  > 

[EXCEPT  < SIMPLE_CCNJUNCTION  > ] 

If  EXCEPT  part  is  missing,  then  the  current  conjunction  is  exactly  the 
same  as  the  conjunction  in  the  stimuli  (or  measurement)  named 
< STIM_MEAS_LABEL  >. 

For  example,  in  Figure  3.7  the  conjunction  body  of  stimuli  S55112  has  the 
same  context  as  that  of  stimuli  S55111.  Note  that  "Back  Reference"  has  no  effect 
on  the  assertion.  Thus,  the  last  statement  of  Figure  3.7,  i.e.,  "STIMULI  S55113’ 
SANE  AS  S55111;"  implies  that  the  conjunction  of  that  stimuli  is  just  BODY  A. 

But  the  assertion  of  stimuli  S55113  is  not  BODYB  and  is  not  yet  defined  or  does 
not  exist. 

Occasionally  two  or  more  conjunctions  are  just  slightly  different  in  one  or 
more  triplets.  Hence,  we  may  use  the  feature  of  back  reference  with  the  EXCEPT 
option.  Each  connection  dimension  expression  of  the  simple  conjunction  following 
EXCEPT  is  tested  against  that  of  the  referenced  conjunction.  If  a match  is  found, 
then  the  corresponding  function  dimension  expression  of  the  triplet  in  EXCEPT  body 
substitutes  that  of  the  triplet  in  the  referenced  conjunction.  Thus,  a modified 
triplet  is  formed.  Otherwise,  the  unmatched  triplet  in  EXCEPT  body  is  appended 
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TEST  55111; 

STIMULI  S55111 ; 

CONJ:  ( BOI)Y_A) 

ASSERT : (BODYB) 


TEST  55112; 

STIMUI.I  S55112; 

CDN.J:  SAMli  AS  S55111; 


TF.ST  55113; 

STIMJLI  S55113:  SAME  AS  S55111; 


FIGURE  3.7.  ILLUSTRATION  OF  THE  USAGE  OF  BACK  REFERENCE 
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to  the  referenced  conjunction.  Figure  3.8  is  an  example  excerpted  from 
Appendix  B.  The  language  processor  will  catch  the  "EXCEPT"  feature  and 
create  a conjunction  for  stimuli  S55131  as  shown  in  Figure  3.9. 

Note  that  at  connection  points,  J1_H  and  J1_B,  the  same  stimuli 
function,  PSUPPLY,  is  applied  hut  with  a different  argument,  10  MA  is 
used  instead  of  100  MA.  And  a new  stimuli  function,  L0AD_NL  is  added  to 
points  J1  _E  and  J1  B. 

In  sunmary,  back  reference  in  one  statement  refers  to  another 
conjunction  waveform  which  has  been  predefined  or  which  will  be  defined  in 
other  statement.  However,  cyclical  references  arc  not  allowed.  Consider 
the  example  shown  below. 

TEST; 

STIMULI  X:  SAME  AS  Y; 

TEST; 

STIMULI  Y:  SAME  AS  X; 

It  is  considered  illegal  by  the  processor  and  an  error  message  will  be 
output  to  the  user. 

3.2.3  ASSERTION 
3. 2. 3.1  GENERAL  STRUCTURE 

The  role  of  the  assertions  is  to  perfrom  the  pure  computation  necessary 

to  supplement  the  facilities  of  conjunctions.  Unlike  conjunctions, 

assertions  do  not  include  references  to  connection  points  or  to  stimuli  and 
measurement  functions.  Figure  3.10  depicts  the  syntax  diagram  of  an 
assertion. 

J 


TEST  5511 1; 

STIMULI  S55111 ; 

CONJ:  < JI  G,  J1  B > V = PSUPPLY  (29V,  1000  MA)  $ 

< J1_F,  .JI  B >V  = PSUPPLY  (15V,  1 MA)  f, 

< J1JI,  .JI  B >V  = P SUPPLY  (24V,  100  MA)  5 

< J1_A,  .JI  B > = LOAJ)  L ( 2200  OIIM)  ; 

TEST  55131; 

STIMULI  S55131 : 

CONJ:  SAME  AS  S55111  EXCEPT 

< J1JI,  JI  B > V = PSUPPLY  (24V,  10  MA)  P, 

<J1_E,  JI  B > = LOAD_NL; 

FIGURE  7>.  8 EXAMPLE  OF  BACK  REFERENCE 
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TEST  55131; 

STIMULI  S55131 ; 

CONJ:  <J1_G,  J1_B  > V = P_SUPPLY  (29V,  1000  MA)  5 

< J1_F,  J1_B  > V = P SUl’PLY  (15V,  1 MA)  5 

< J1JI , .JI  B >V  = P SUPPLY  (24V,  10  MA)  5 

< J1_A,  J1_B  > = LOAD  I.  (2200  OHM)  5 

< J1_E,  .71 B > = LOAD  NL 

FIGURE  3.9.  THE  EFFECT  ON  THE  BACK  REFERENCE 

II 


ASSERTION 


ASSE-  BODY 

(SIMPLE -ASSERT- 

IF- ASSERT. 

SIMPLE,  ASSERT 

" RELATIONAL- EXPR 

< AR*TH-EXPR,  RElA  I'lON  ARITH-EXPR. 

WITHIN- EXPR. 

ARITH-  EXPR.  = ARITH-EXPR.  + - ARITH-EXPR.  [%] 

IF-  ASSERT 

IF- CLAUSE  SIMPLE- ASSERT.  [ELSE  ASSERT-  BODY  | 


riaiw:  3.10  m.mistnatiom  or  as.si:ktkk  si  vit.miat 


The  keyword  "ASSERTION"  (or  ASSC,  ASSERT)  must  he  stilted  first,  babel, 
parent  and  declaration  all  have  the  same  stnicturc  as  in  conjunction.  Unlike 
conjunction,  assertion  body  docs  not  include  the  feature  of  hack  reference. 

Hence,  if  BACK JRF. I TRENCE  appears  at  the  assertion's  parent  level,  i.e.,  stimuli/ 
measurement,  it  applies  to  the  conjunction  only.  As  shown  in  Figure  3.10, 
assertion  body  can  be  either  a simple  assertion  or  a conditional  assertion.  They 
are  further  discussed  in  the  following  subsections. 

3. 2. 3.2  SIMPLE  ASSERTION 

Basic  form  of  a simple  assertion  consists  of  two  arithmetic  expressions 
and  a relation.  EBNF  specification  of  a relation  is  shown  in  Figure  3.11. 

It  can  be  equal  "=",  greater  than  ">",  less  than  "<"  or  combination  of  them 
(with  negation  There  exist  two  different  interpretations  of  a simple 

assertion.  When  an  assertion  is  used  purely  to  indicate  the  value  of  variables, 
it  should  follow  the  form: 

TARTAR  = ARITHEXPR 

where  the  arithmetic  expression  on  the  right  hand  side  is  first  evaluated,  and 
then  the  result  is  assigned  to  the  variable  "TARVAR".  Here  the  equal  sign  acts 
as  an  assignment  symbol.  It  is  essential  that  TAR  VAR  be  declared  as  TARGET 
variable  and  be  the  only  variable  on  the  left  hand  side  of  the  equal  sign.  See 
Figure  3.12  for  an  example. 

Note  that  1/X1  is  a target  variable  and  LOGIO  is  an  evaluation  function  (to 
be  further  discussed  in  Section  5.2).  .Stimuli  and  measurement  assertions,  while 
utilizing  the  same  syntax,  are  interpreted  differently  by  the  automatic  test 
programming  system.  The  stimuli  assertions  are  interpreted  in  order  to  generate 
some  data.  Hence,  they  have  only  the  form  TAR  VAR  = ARITH  EXPR  and  the  meaning 
as  described  above. 
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RELATION  ::=  = |>I<M<=|  -=S>H< 


IT  CURE  3.11.  II  .LUSTRATION  OF  "RELATION" 

ASSERT  Al:  LOG  = 20*LOCIC  (V1/3.981E-6) 

TARGET:  LOG  SOURCE:  VI; 

FIGURE  3.12.  EXAMPLE  OF  AN  ASSERTION 


I 
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Measurement  assertions  can  also  play  the  role  of  descriptions  of  conditions, 
as  if  prefaced  by  "IF".  This  kind  of  measurement  assertions  return  true/false 
values.  Arithmetic  expressions  on  both  sides  of  the  relationship  (see  Figure  3.10) 
are  evaluated  and  a Boolean  decision  is  made.  Variables  cannot  be  declared  as 
"TARGET"  in  this  case.  Figure  3.13a  gives  an  example  of  this  kind  of  assertion. 

Note  that  stimuli /measurements/ failures  functions  cannot  be  used  in  assertions. 

Another  syntax  form  to  express  a Boolean  assertion  is  of  the  structure: 

< ARITH_EXPR  > = < ARITH_EXPR  >+-  < ARITH_EXPR  > [%] 

Thus,  the  example  in  Figure  3.13a  can  be  written  in  the  form  shown  in  Figure  3.13b 
or  3.13c.  In  each  case,  if  IE29V  (calculated  elsewhere)  lies  between  37  and  57, 
the  assertion  returns  a "true"  value. 

By  default,  measurement  assertions  that  generate  data  also  return  a 
"true"  value.  In  this  way,  every  measurement  assertion  possesses  either  a true 
or  a false  value.  The  conjunctive  value  of  the  measurement  assertions  and  of 
measurement  conjunction  is  considered  to  be  the  value  of  this  measurement.  Then 
the  logical  operator  (to  be  described  in  Section  3. 2. 5. 2)  will  select  diagnoses 
based  on  the  true/false  value (s)  returned  by  executing  the  measurements  of  a 
test  module  as  described  in  Section  3.1  and  Table  3.1. 

Note  that  the  number  of  assertions  in  a stimulus  or  measurement  may  vary. 

They  may  be  arbitrarily  ordered  by  the  user  (non-proceduralness) . The  NOPAL 
Processor  will  decide,  based  on  the  declaration  of  variables,  the  correct 
executing  sequence  among  those  assertions  and  conjunctions.  Declaration  is  further 
discussed  in  Section  3.2.4.  Finally,  the  main  restrictions  on  assertions  (as 
compared  to  conjunctions)  are  summarized  below: 


(1)  Assertions  must  not  include  references  to  connection  points. 

(2)  Stimuli/measurements/failurcs  functions  cannot  be  used  for  assertions. 

(3)  Assertions  do  not  have  a "back- reference"  feature. 
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ASSERTION:  ABS  fIE29V  - 47)  <=  10 

SOURCE:  IE29V; 

(a) 

ASSERTION:  IE29V  = 47  +-  10 

SOURCE : II-29V 


fb) 


ASSERTION:  IE29V  = 47  +-  21.3% 

SOURCE:  IE 29V 


fc) 


FIGURE  3.13.  EXAMPLES  OF  ASSERTIONS 
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(4)  Bach  assertion  has  at  most  one  target  variable. 

(5)  A test  module  may  contain  several  assertions.  But  each  assertion 
is  a single  "triplet- like"  structure,  as  opposed  to  a collection 
of  triplets  in  a conjunction. 

(6)  No  dimensions 

(7)  Stimuli  assertions  are  exclusively  computational  and  do  not  return 
a true/ false  value. 

3. 2. 3. 3 CONDITIONAL  ASSERTION 

Conditional  assertions  have  the  same  structure  as  a conditional  conjunction. 
The  EBNF  specification  is  listed  on  line  #84  of  Appendix  A.  Its  corresponding 
syntax  diagram  is  in  Figure  3.10.  An  example  is  also  shown  in  Figure  3.14.  The 
condition  "IF  VAR1  = 60"  determines  which  simple  assertion  is  to  be  taken.  The 
appropriate  true/false  value  is  returned  according  to  the  chosen  simple  assertion. 

3.2.4  DECLARATION 

All  variables  in  conjunctions  or  assertions  should  be  declared  to  improve 
readability  and  to  promote  modularity  of  the  specification.  The  user  is  required 
to  designate  the  variables  into  two  classes,  SOURCE  and  TARGET.  The  values 
of  SOURCE  variables  are  determined  elsewhere,  in  other  assertions  or  conjunctions 
or  diagnoses.  TARGET  variables  are  locally  evaluated  and  may  be  referred  to 
elsewhere.  For  instance,  consider  the  conjunction  and  assertion  waveforms  in 
Figure  3.15.  AMPM  is  an  "amperemeter"  function  which  measures  the  current  in 
milliampers  at  connection  point  JIB  and  determines  the  value  of  variable  IE29V. 
Then  the  assertion  that  follows  refers  to  IE29V  as  source  and  can  make  true/ false 


decisions  for  the  assertion. 

Declaring  variables  not  only  facilitates  the  readability,  but  more  importantly, 


ASSERTION  $W  03: 
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IF  VARI  = 60  THEN  FI  = 5 * 1E+06  + 60 

ELSE  FI  = 5 * 1E+06  +2.5 

SOURCE : FI,  VARI; 

FIGURE  3.14.  EXAMPLE  OF  A CONDITIONAL  ASSERTION 


CONJUNCTION : J1_G  MA  = AMP  M ( IE29V  MA) 

TARGET:  IE29V; 

ASSERTION:  ABS  (IE29V  - 47)  < = 10 
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the  inherent  information  of  declaration  is  used  by  the  language  processor 
to  determine  the  sequencing  of  test  execution.  Note  that  assertions 
specified  in  stimuli  or  measurements  can  be  executed  before  or  after  the 
respective  conjunctions  but  not  concurrently  with  the  conjunctions. 

Whenever  variables  are  not  explicitly  declared  as  SOURCE  or  TARGET, 
by  default  they  are  considered  to  be  SOURCE  variables. 

3.2.5  LOGIC 

3. 2. 5.1  INTRODUCTION  TO  LOGIC  FUNCTIONING 
The  main  objective  of  the  ATE  system  is  to  examine  Unit  Under 

Test  filin’) , to  diagnose  faulty  components  and  to  output  an  appropriate 
message.  "Logic",  the  decision  stage  of  the  test  modules,  carries  out 
the  following  functions: 

(1)  Selects  a diagnosis  based  on  the  true/false  value  returned  by 
executing  the  measurements  of  a test  module. 

(2)  Facilitates  test  modules  sharing  the  diagnosis 

(3)  Facilitates  interactive  communication  with  the  operator 
Details  of  the  logic  operators  are  further  discussed  in  the  following 
Subsection  3.2. 5.2.  The  syntax  diagram  for  Logic  is  shown  In  Figure  3.16. 

The  main  body,  called  LOGIC  DIAG  LIST,  is  a list  of  diagnosis 
information  which  consists  of  a logical  operator  followed  by  a diagnosis 
label.  A typical  example  is  shown  in  Figure  3.17,  where  d^  is  a diagnosis 
lable  (corresponding  to  the  label  to  be  discussed  in  Section  3.3)  and 
*/V/5/— i are  logical  operators  to  be  discussed  below. 

3. 2.5. 2 LOGICAL  OPERATOR 

Figure  3.18a  illustrates  the  EBNF  specification  and  the  syntax 
diagram  of  the  logical  operators  can  be  seen  in  Figure  3.18b.  Rroadly 
speaking,  the  logical  connective  (|,  1),  |— »,  f,— i,  *)  indicates  when  a 

ud 


LOGIC 


FIGIJRF.  3 16  ILLUSTRATION'  OF  LOGIC  STATF.MF.NT 
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LOGIC:  *d1,  |d2,  f,  -.d  ; 


FIGURE  3.17.  EXAMPLE  OF  A L0GIC  STATEMENT 


< LOGICAL  OPERATORS  < LOGICAL _CONNECTIVES>  | <AFTER> 
< LOGICAL-CONNECTOR > : = I | 1 1 | 8 j 81  | * 

< AFTER > : ! = A 

(a)  EBNF  Specification. 

LOGICAL  OPERATOR 

[after] 


f A 

l A1 

(b)  Syntax  Diagram. 


naira:  3.  is  illustration  or  uigical  oit.rator 
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stimuli -measurement  pair  selects  a diagnosis.  "After"  connectives  are  used 
for  reverse  order  selection,  where  a diagnosis  selects  a stimuli-measurements 
pair. 

A disjunction  operator  (|)  is  to  connect  any  one  stimuli -measurement 
pair  with  a selected  diagnosis,  where  the  measurement  returns  a "true"  value. 

A negation  symbol  is  added  (|— i)  to  indicate  the  specified  diagnosis  is 
selected  when  the  measurement  returns  a "false"  value.  For  instance,  let 
B(Mj)  be  the  Boolean  value  returned  by  test  i and  the  corresponding  logic 
look  like: 

LOGIC:  Idj,  |-.d  , *d3; 

First,  B(NL)  is  evaluated.  Then  if  it  turns  out  to  be  true,  diagnosis  d^ 
is  selected,  otherwise  d7  is  issued.  However,  d„  is  selected  regardless  of  the 
returned  value.  In  other  words,  a symbol  is  used  when  the  diagnosis 
selection  is  independent  of  the  returned  value.  Note  that  the  use  of  | and  |— i 
are  similar  to  those  of  the  words  "THLN"  and  ELSE",  respectively,  in  an 
"IP'  type  statement  in  programming  l;tnguagc.  The  above  example  can  be  rewritten 
by  PL/1  - like  language  as  follows: 

SELECT  d3; 

IF  B(M^)  THEN  SELECT  d ; 

ELSE  SELECT  d ; 

The  conjunction  symbols  (§,  ^ — i ) are  used  similarly  to  indicate  that 
the  conjunction  of  true/false  values,  returned  from  execution  of  measurements 
in  a number  of  stimuli-measurements  pairs,  are  needed  in  order  to  select  a 
diagnosis.  Consider  the  following  example  in  Figure  3.19.  Suppose  diagnosis 
is  referred  to  only  in  tests  1,  2 and  3.  Then  d ^will  be  selected  if  and 
only  if  the  values  of  measurements  1 and  3 are  true  and  measurement  2 returns 
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false.  Its  PL/1  -like  structure  appears  as  follows: 

IF  BfMj)  5 ~.B(M2)  5 B(M^)  THEN  SELECT  d. ; 

Note  that  a */ 1 / 1 — ■ -type  logical  operator  can  be  handled  by  one  pair  of 
stimuli -measurements  at  a time,  while  > -type  operators  have  to  do 
with  all  the  related  pairs. 

Another  type  of  logical  operators,  "AFTER"  and  "AFTER-NOT',  shows 
the  reverse  order  selection,  where  a diagnosis  selects  a stimuli-measurcment 
pair.  The  symbols  ? (after)  and  ?— > (after-not)  arc  used  for  this  purpose 
to  indicate  that  the  stimuli -measurements  pair  is  to  be  executed  immediately 
following  the  execution  of  diagnosis  part.  This  feature  is  intended  to  accomo- 
date interactive  conmuni cat ions  between  the  computer  and  the  operator.  Consider 
the  exanqple  in  Figure  3.19b.  Test  i is  scheduled  (by  the  language  processor) 
to  be  performed  first,  and  a diagnosis  d^  is  output.  Usually  d^  is  an  inquiry- 
type  message  to  the  operator  and  waits  for  a response  from  the  operator.  If 
the  operator  keys  in  Y (Yes),  then  test  j is  immediately  executed.  Otherwise, 
when  N (No)  is  keyed  in,  test  k is  selected  to  be  performed.  More  details  about 
operator  response  are  discussed  in  Section  3.3.2. 

3. 3 DIAGNOSIS 

This  section  describes  the  use  of  diagnosis  (sec  Figure  3.1).  The  keyword 
"DIAGNOSIS",  label  and  delimiters  (i.e.,  ”;")  are  similar  to  those  of 

stimuli  discussed  in  Section  3.2.1.  The  main  diagnosis  body  can  be  one  of  the 
two  syntactical  forms:  keyword  form  or  positional  form.  Each  field  in 

the  keyword  form  is  specified  by  an  English  language- like  description.  While 
the  positional  form  is  a shorthand  form  of  the  description,  they  have  a one  to 
one  correspondence  that  will  be  described  in  Section  3.3.3. 

Syntactically,  the  diagnosis  body  consists  of  two  parts:  (1)  operator 

messages  and  (2)  operator  responses. 
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TEST  1; 

(STIMULI  - MEASUREMENTS) 
LOGIC:  5 d. 

TEST  2; 

(STIMULI  - MEASUREMENTS) 
LOGIC:  5-i  di 

TEST  3; 

(STIMULI  - MEASUREMENTS) 
LOGIC:  5 d. 

l 

(a) 

TEST^ ; 

(ST IMUL ^MEASUREMENTS) 
LOGIC:  *d1 

TESTj ; 

LOGIC:  ?d  ; 

TEST  k; 

LOGIC:  ?— td  ; 

(b) 


FIGURE  3.19  ILLUSTRATIONS  OF  LOGIC  FUNCTICN 
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3.3.1  OPERATOR  MESSAGES 

The  operator  message  itself  is  composed  of  as  many  as  four  parts. 

(1)  Affected  Components.  This  is  a list  of  failure  functions  indicating 
the  modes  of  failure  together  with  the  identification  symbols  of 
the  corresponding  components  which  the  diagnosis  asserts  to  have 
failed.  All  the  affected  components  can  be  either  conjunctive  or 
disjunctive,  but  not  mixed.  For  instance,  the  example  in  Figure  3.20 
indicates  that  at  least  one  component  of  R1/R2/R4/R6  is  faulty. 

Its  failure  function  is  S (short  circuit)  which  will  be  defined 
separately  under  ’"T  components/failures  in  Section  4.4.  Note  that 
S(R1/R2/R4/R6)  is  an  abbreviated  form  of  S(R1)/S(R2)/S(R4)/S(R6) . 

Each  affected  component  can  be  specified  either  (1)  by  the  failure 
function  followed  by  the  component  id  enclosed  in  parentheses,  or  (2) 
by  the  component- failure  sequence  number  which  uniquely  identifies 
the  affected  component.  This  too  is  further  explained  in  Section  4.4. 

(2)  Other  Parameters.  These  wilJ  be  inserted  in  the  diagnosis  message. 
Each  parameter  is  a variable,  a number,  or  a string  constant. 

(3)  Message  Type.  This  refers  to  the  message  identification  where  a 
message  identification  and  an  optional  alias,  together  with  the 
full  text  of  respective  messages  must  be  provided  separately  (See 
Section  3.4).  Suppose  the  definition  of  message  type  1 in  Figure  3.20 
is: 

MESSAGE  #1:  'AUDIO  DISTORTION  GREATER  TUAN  (PI)  PERCENT.'; 

Thus,  whenever  this  diagnosis  (15)  is  selected,  the  above  message, 
with  25%  substituting  for  PI , is  the  output  to  the  operator. 

(4)  Timing.  The  timing  specification  indicates  when  the  message  is  to 

be  sent  to  the  operator  in  respect  to  the  beginning  of  the  application 
of  the  stimuli.  When  no  time  specification  is  provided,  this  implies 
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DIAGNOSIS  15: 

OPERATOR  MESSAGE: 

AFFECTED  COMPONENTS  = S(R1  | R2  | R4  | R6) , 
OTHER  PARAMETERS  = ('  25% 

TYPE  = #1; 


FIGURE  3.20.  EXAMPLE  OF  A DIAGNOSIS  IN  KEYWORD  FORM 
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that  the  message  is  to  he  sent  upon  conclusion  of  the 
stimulus-measurement  pair.  This  feature  is  provided  to 
enhance  the  facilities  for  real  time  interactive  exchanges 
with  the  operator.  Consider  the  example  in  Figure  2.21. 
Whenever  this  test  module  is  scheduled,  diagnosis  4 is  issued 
first  before  applying  any  stimuli  or  performing  any  measure- 
ments. Usually,  it  is  an  inteactive  diagnosis.  Thus,  the 
test  procedure  is  temporarily  suspended  in  order  to  receive 
a value  or  instruction  from  the  operator.  The  "Time" 
parameter  having  a non- zero  value  assigned  to  it  is  logically 
valid,  hut  it  is  seldom  used. 

3.3.2  OPERATOR  RESPONSE 

When  the  message  contains  instructions  to  the  operator  to  perform 
duties  such  as  pressing  keys,  reading  meters  or  making  measurements,  a 
response  from  the  operator  may  lie  necessary  in  order  to  conclude  the  tests. 
The  specification  of  required  responses  consists  of  one  of  the  following: 

(1)  Y (YES).  Ihe  operator  instructs  to  proceed  with  the  suspended 
test  or  to  initiate  a subsequent  test. 

(2)  N (NO).  The  operator  docs  not  want  to  continue  normal  testing. 

In  this  case  the  test  will  be  concluded  and  a connection  to  sub- 
sequent activity  may  be  indicated  by  use  of  the  logical  operator 
A — i . 

(3)  VAR.  The  operator  would  key  into  the  terminal  the  values  of 
listed  variables  (c.g. , measured  values,  selecting  options),  and 
key  in  "Y"  to  proceed. 


SO 


(STIMULI  ) 

( Ml  iASURI  MINTS  ) 

(.(Kile;:  *4 

1)1  AC.  4: 

OPERATOR  MHSSACIi : 

TYI’ll  = II S, 

TIMI;  = O.OOOOO  li  *-  00, 

RJiSI’ONSH  = { VAkl ) ; 

I'lUIRL  3.21.  liXAMIM.Ii  OL  Till!  USAOH  01  "TIMI:."  ON  ION 
I 'OR  INTI-RACriVI;  01  VINOS  IS 
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3.3.3  POSITIONAL  DIAGNOSIS 

To  avoid  laborous  writing  of  lengthy  keyworded  language,  a shorthand 
form  called  positional  diagnosis  can  be  used.  Figure  3.22  shows  the 
EBNF  specification  for  this  alternative. 

For  instance,  DIAG  29:  (,  (PI,  'l'),D);  is  equivalent  to: 

DIAGNOSIS  29: 

OPFRATOR  MESSAGE: 

OTHER  PARAMETERS  = (PI, 

TYPE  = I); 

and  DIAG  24:  (,,  #15,  0) , ? ; is  equivalent  to: 

DIAGNOSIS  24: 

OPERATOR  MESSAGE: 

TYPE  = #15 
TIME  = 0 . OOOOOE+OO , 

RESPONSE  = ?; 

Note  that  ? represents  "Y/N"  for  response  symbols  in  current  implementation. 

Also,  the  commas  in  operator  message  clearly  divide  the  message  into  four 
subfields,  namely  (1)  affected  components,  (2)  other  parameters,  (3)  message 
type,  and  (4)  timing,  i.e.,  exactly  the  same  fields  as  defined  before.  Missing 
information  between  conmas  indicates  that  subfield  is  optional. 

3.4  MESSAGE  DEFINITION 

It  has  been  found  that  a large  mmber  of  diagnoses  can  share  a few 
messages.  A few  message  types  are  considered  to  be  adequate  for  several 
diagnoses  since  they  may  be  modified  by  inserting  parameters  in  the  indicated 
locations  in  the  message  at  execution  time  when  the  diagnosis  is  selected. 

I 
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< P0SITI0NALD1AG  > ::=  [ < OPERATOR  MESSAGE  >]  [,  < OPERATORRESPONSE  >] 

< OPERATORMESSAGE  > ::=  ( [ < AF FECTE D COMPONENTS  >] 

[ , [ < on  lERPARAMETERS  > ] [ , l < TYPE  > ] [ , < TIMING  >11]) 

I < AFFECTED  COMPONENTS  > 


FIGURE  3.22.  EBNF  SPECIFICATION  OF  A POSITIONAL  DIAGNOSIS 
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Consequently,  ;i  list  of  message  definitions  must  he  provided  in  the  test 
module  specification.  Hie  syntax  diagram  of  message  tie  fin  it  ion  is  depicted 
in  Figure  3.23.  Keywords  (MFSSACIi,  AI.IAS,  TliXT)  and  label  have  the  usual 
meanings.  Message  text  is  just  a character  string  with  some  parameters  to  be 
inserted  during  execution  time.  For  an  example,  see  Figure  3.24. 

The  option  of  "ALIAS"  is  just  giving  a synonymous  name  to  the  current 
message  text.  We  can  use  either  the  message  18  or  #18  in  the  test  module 
in  the  example  shown  in  Figure  3.24. 


MESS-.  DEFINITION 


i 


M.SS  18:  ALIAS  = II 18, 

'(i’i)  comi>oni:nt  distortion  crlathr  iiian  f i>2)  pi-kci-n'i*. ’ ; 

I'lUIKIi  7>.  24 . l-XAMI’l.i;  ()!•  A MliSSAQi  STATIMliNT 
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SECTION  4 
Uirr  SPECIFICATION 

UUT  (or  Unit  Under  Test)  related  information  needed  for  the  automatic 
program  generation  is  organized  into  two  sections:  (1)  interconnecting  points 

which  are  used  for  identification  of  connecting  points  and  (2)  component  failures 
which  identify  all  the  possible  faulty  components  with  the  failure  modes 
(types  of  failures). 

4.1  UUT  CONNECTION  POINTS 

The  general  structure  of  a UUT  Connection  Point  is  shown  in  Figure  4.1. 
UUTPOINTID,  a symbolic  name,  is  used  to  identify  connecting  points,  e.g., 

J24_B,  Jl_4,  etc.  are  UUTPOINTID.  SEQ#  which  is  optional  is  just  an 
internal  sequence  number  for  the  NOPAL  Processor  and  has  no  significant  meaning 
to  the  user.  UUTKEYWORD  is  the  main  body  of  this  section  and  consists  of 
the  following  information: 

(1)  Alias.  A synonym  to  the  UUT  I *01 NT  [D.  For  example, 

Ji  ll,  ALIAS  = (’.ROUND 

(2)  Connector.  This  is  a code  identifying  the  type  of  connector 
used  with  the  Ul/r  and/or  the  connecting  point  on  the  connector. 

For  example,  UUT_PT3:  J16,  CONNECTOR  = (COAX,  C) ; 

where  coaxial  cable  is  used  as  a connector  and  "C  on  the  coaxial 
cable  is  indicated  as  the  connecting  point. 

(3)  Limit.  This  information  is  intended  to  protect  the  connecting 
points  from  inadvertent  damage  to  the  UITT  caused  by  excessive 
stimuli  power.  The  information  consists  of  maximum  and  minimum 
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values  of  each  stimuli  that  may  be  applied.  It  is  composed  of 
four  sub - i terns  as  follows: 

(a)  Dimention  (e.g.,  volts,  Ampers  (AMP),  etc.) 

(b)  Maximum  value 

(c)  Minimum  value 

(d)  Reference  point  (to  be  used  to  measure  maximum/ 
minimum  values) 

(4)  Coiments.  Any  comment  enclosed  in  signlc  quotes  may  be  used. 

Figure  4.2  illustrates  an  example  of  a UUT  connecting  point  section. 

A UUT  point  40,  called  .119  A (or  X.J19  A) , is  connected  to  point  A of  a 
multiple  connector.  Protection  limit  is  specified  to  be  70  volts  and  0 
volts  for  the  maximum  and  minimum,  respectively,  w.r.t.  "ground"  point. 

4.2  UUT  COMPONENT  FAI1.URE  SECTION 

All  the  possible  faulty  components  and  their  failure  modes  must  be  listed 
in  this  section  as  a means  of  checking  correctness  and  completeness  of  the 
tests.  I ts'  syntax  diagram  is  shown  in  Figure  4.3.  The  major  items  of  information 
arc: 

(1)  SEQtf . ibis  sequence  number  which  is  optional  can  be  used  uniquely 
to  identify  the  faulty  component . The  same  number  may  be  utilized 
in  diagnosis  messages  to  indicate  the  failures  as  described  in 
Section  3.3.1. 

(2)  Component . This  is  the  identification  symbol  of  a component. 

(3)  Component  Fail  Keywords.  Consisting  of  the  following  information: 

(a)  Alias.  A synonym  to  the  component  id. 

(b)  Failure  Function.  Indicates  the  type  of  failure  for 
the  respective  component,  e.g.,  Open,  Short,  Out  of 
Tolerance,  etc. 
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T ID:  . 1 1 1 >_  A , AI.IAS  =--  X.)I!)_A,  CONNIPTOK  = ( Mlll.l  I I'l.i: , A) 

I . I M IT  - (V'OI.T,  70,  0,  ONI))  , 'Mdl.TII'l.li  CONNCCiOK'; 


iiumi;  4.2.  liXAMiMj;  oi  inrr  conni-xtion  i*oint  stathmhnt 


COMPONENT.  FAIL 


•IGlIRr.  4.3  ILLUSTRATION  OF  UlIT  COMFONKXT  FA  I I.IIRL  STATEMENT 


61 


(c)  Parameters.  The  names  of  failure  function  variables, 
if  any. 

(d)  Failure  Index.  This  is  a number  used  to  index  the  compo- 
nents by  likelihood  of  failure.  The  smaller  the  number, 
the  larger  the  likelihood.  It  can  be  used  by  the  test 
sequencing  program  to  assign  precedence  in  executing  tests 
for  possible  failures  of  components  with  higher  failure 

1 ikel i hoods. 

(e)  Protection.  A list  of  other  component  identifications 
whose  failures  will  prohibit  testing  a given  component. 

( f ) Comments. 

Figure  4.4  illustrates  an  example  of  an  entry  of  the  UUT  component  failure 
specification.  STD_5MIZ_FREQ  and  IRFQTOL  are  the  names  of  component  and 
failure  function,  respectively.  Should  Component  1 and/or  11  fail,  this 
component  could  not  be  tested. 
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COMPONENTFAILURE  2: 

STD_5MIZ_FREQ,  FAIL  = FREQJTOL, 
INDFX  = 1,  PROT  = (1,11) : 


FIGURE  4.4. 


F.XAMPLF.  OF  UOf  COMPONENT  FAILURE  STATEMENT 
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SECTION  5 
ATI:  SPECIFICATION 

ATE  related  information  needed  to  verify  test  module  specifications 
and  the  UIJT  specification  fall  into  two  parts:  (1)  ATI:  connecting  points 

to  match  connectors  of  the  UUT  and  (2)  functions  specified  in  the  stimuli 
and  measurements  parts. 

5.1  ATE  CONNECTION  POINT  SPECIFICATION 

ATE  connection  point  specification  is  used  to  describe  an  adapter  used 
to  interface  with  the  connecting  points  of  the  UUT  matching  connector.  Its 
syntax  diagram  is  drawn  in  Figure  5.1,  and  an  example  is  shown  in  Figure  5.2. 

The  example  shows  ATE  point  named  ATEPT//30  (or  113  A)  is  connected  to  UUT  points 
J16  and  J22.  Note  that  the  IJITT  points  have  been  previously  defined  in 
Section  4.1. 

5.2  ATE  FUNCTION  SPECIFICATION 

Functions  used  for  specification  stimuli,  measurements  and  for  component 
failures  mast  be  stored  in  the  memory  of  the  computer  for  reference  at  text 
execution  time.  Purely  computational  functions,  such  as  RANDOM  (Generate  a random 
value),  'MAX'  (Find  the  maximum  value),  etc.  and  control  functions,  such  as 
'REPEAT'  (Form  a DO- loop  control  structure),  etc.  may  also  be  used.  The  syntax 
diagram  of  function  specification  is  shown  in  Figure  5.3. 

Function  keywords  contain  the  following  items: 

(1)  Alias.  A synonym  to  the  function  name. 

(2)  Type.  Specifying  the  function  type.  There  are  five  of  them: 

S (Stimuli),  M (Measurements),  F (Failui’es) , F.  (Evaluation),  and 
C (Controls). 


ATE  -CONNECTION. POINT 
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ATE_POINT  1:  ATEPT#30,  ALIAS  = H3_A, 

UUTPTS  = (J16,  J22) ; 

FIGURE  5.2.  EXAMPLE  OE  ATE  CONNECTION  POINT  STATEMENT 
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(!)  //Pins.  Indicating  the  number  of  pins  needed  for  a function  of  type  S/M. 

(4)  Parameters.  Include  parameter  name,  parameter  type,  and  parameter 
limits.  Parameter  limits  contain  the  information  of  dimension, 
max  imum/ min imum  values. 

(5)  Values  Returned.  By  the  execution  of  the  called  function,  the 
measured  or  evaluated  value(s)  may  be  returned  to  the  calling  routine. 
This  item,  a character  string,  provides  the  description  of  returned 
values. 

(6)  Cooperation.  Specifying  the  functions  needed  for  parallel  execution 
with  the  given  function.  This  applies  especially  to  the  synchroniza- 
tion of  stimuli  and  measurements  functions. 

( 7)  Comments. 

An  example  of  ATP  function  entry  is  shown  in  Figure  5.4.  This  function, 
named  "CONST_S"  (or  "C0NSTANT_STIMU1. 1") , is  a stimuli  function  with  a formal 
parameter  "X".  The  range  of  "X"  can  be  from  60  volts  to  zero  volt.  This  function 
generates  a constant  voltage,  namely  X volts,  as  a stimuli  to  the  ATE. 
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FUNC  10:  CONSTS,  ALIAS  = CONSTANTSTIMULI , TYPE  = S, 

PARM  = (X,  S,  LIMIT  = (V,  60,0)), 

VALUE  RETURNED  = 'CONSTANT  VOLTAGE.'; 

PinJRI-  S.4.  EXAMPLE  01  •'  ATI-  RJNCTION  STATEMliNT 
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<rONN.DIM.EX>  ::=  <CONNECTOR>  [<DIMeNSiON>] 

2 <rONNECTOR>  ::=  <CONNECTOR_ID>  I < <CONNECTOR_ID>  (,<C0f\iNrCT0R_ID>J* 

5 <C0NNECT0R_ID>  ::=  <OUT_POIIMT_Id> 

2 <0I^ENSI0N>  ::=  [<PREFIX>]  <BASIC_UNIT>  [/SEC/SECj  I <TIME.DIMENSION> 


APPENDIX  A EBNF  SPECIFICATION  OF  NOPAL  (continued) 


<fJOPAL_SPECIFICATION>  !t=  (nOPAlJ  SPECIFICATION  £<SPEC.NAME>  ] ; 


APPENDIX  A EBNF  SPECIFICATION  OF  NOPAL  (continued) 


<CONJIINCTION>  I < ASSERT  1 0N>  <ASSERTION> 


<vari able_list>  ::=  uvariable>  (.<varIable>]*> 

I <VARIABLE>  [ t < v ar i able> J * 

ert  i or i>  ::=  assertion  <waveform_id>  : <assertion_rody> 

(<DrCLARATlOIM>J  * ; 

APPENDIX  A EBNF  SPECIFICATICN  of  NOPAL  (continued) 
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APPENDIX  B 

EXAM’LE:  CPS  #10559261 

ITic  objective  of  this  appendix  is  to  illustrate  the  use  of  NOPAL 
and  the  output  produced  at  the  end  of  the  syntax  analysis  phase  of  the 
NOPAL  Processor.  Control  Power  Supply  10559261  is  one  type  of  military 
electronic  unit.  The  appendix  consists  of  four  parts:  (1)  Circuit  Diagram, 

(2)  Functional  Specification,  (3)  NOPAL  Input  Program,  and  (4)  NOPAL 
Output  Reports. 

B.l  CIRCUIT  DIAGRAM 

Figure  B.l  shows  the  circuit  diagram  of  CPS  #10559261.  This  is  referred 
to  as  a Unit  Under  Test  f LJUT) . The  connector  shown  on  the  left  of  Figure  B.l 
marked  Jl,  is  used  for  connecting  the  UUT  to  a matching  connector  which  inter- 
faces with  the  Automatic  Test  Equipment  (ATE).  At  these  connecting  points, 
the  stimuli  may  be  applied,  and  measurement  can  he  taken.  Definitions  of  all 
UUT  and  ATI7,  connecting  points  are  entered  by  the  user  in  NOPAL  source  statement 
as  shown  in  Table  B.2. 

B. 2 FUNCTIONAL  SPECIFICATION 

The  user  usually  starts  with  determination  of  tests  to  he  performed.  In 

this  example,  the  tests  have  been  provided  by  the  manufacturer  and  in  the 
corresponding  military  specification  of  the  circuit.  Table  B.l  is  extracted 
from  Data  Sheet  # 10559261  (Military  MIL-C-14866  (MU),  2 March  1970).  This 
specification  of  test  is  further  discussed  below. 

B.3.  NOPAL  SOURCE  SPECIFICATION 

Given  circuit  diagram  and  functional  specification,  NOPAL  Source 
Specification  is  prepared  in  the  I'ol  lowing  way. 

First  we  will  prepare  Test  Module  Specification. 


CIRCUIT  DIAGRAM  OF  CPS-105^9261 
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MIL-C-14866(MU) 
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PACKAGING  DATA  SHEET 


10559261  Packaging  of  Control,  Power 

Supply:  10559261 

(Copies  of  specifications,  standards,  drawings,  and  packaging  data 
sheets  required  by  suppliers  in  connection  with  specific  procurement 
functions  should  be  obtained  from  the  procuring  activity  or  as  directed 
by  the  contracting  officer.  ) 

3.  REQUIREMENTS 


3.  1 Fabrication.  - The  power  supply  control  shall  be  manufac- 
tured in  accordance  with  Drawing  Fl 0559261  and  drawings  pertaining 
thereto. 


3.  2 General  specification.  - The  power  supply  control  shall 
meet  the  following  requirements,  where  applicable,  of  MIL-F- 1 3926: 

(a)  Order  of  precedence 

(b)  Dimensions  and  tolerances 

(c)  Part  identification  and  marking 

3.  2.  1 Electronic  workmanship.  - The  power  supply  control  shall 
meet  the  workmanship  requirements  of  Drawing  F 10559 261  and  drawings 
pertaining  thereto. 
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3.  3 Performance.  - Unless  otherwise  specified,  the  power  sup- 
ply control  shall  meet  the  performance  requirements  of  this  specification 
at  standard  ambient  temperatures  between  60  degrees  Fahrenheit  (°F) 
and  90°F. 

3.  3.  1 Loads,  power  and  signals.  - The  power  supply  control 
shall  perform  as  specified  herein  when  the  loads,  power  and  signals 
of  Table  I are  applied  as  specified. 


TABLE  I 


ITEM 

CONDITION 

CHARACTERISTICS 

CONNECTIONS 

1. 

Loads: 

As  specified 

herein 

1.  1* 

Resistor 

2.  2 kilohms,  ±5% 

TABLE  B.l  FUNCTIONAL  SPECIFICATION  OF  CPS- 10559261 
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TABLE  I (continued) 


3.  3.  1.  1.  1 With  the  signal  voltage  of  Table  I adjusted  to  24  ±1 
Vdc  and  applied  between  Jl-H(+)  and  Jl-B(-),  and  the  2.  2-kilohm  load 
of  Table  I connected  between  Jl-A  and  Jl-B,  the  dc  current  at  Jl-G 
shall  be  47  ±10  mA. 

3.  3.  1.  1. 2 Under  the  conditions  of  3.  3.  1,  1.  1,  a reduction  of 
the  temperature  of  thermostat  SI  to  less  than  14°F  shall  cause  the  cur- 
rent at  Jl-G  to  decrease  by  at  least  10  mA. 

3.  3.  1.  2 Q-switch  voltage. 

3.  3.  1.  2.  1 Under  the  conditions  of  3.  3.  1.  1.  1,  but  with  the  sig- 
nal voltage  of  Table  I adjusted  to  31  ±1  Vdc  and  applied  between  Jl-H(+) 
and  Jl-B(-),  the  voltage  at  Jl-A  shall  be  30.  5 ±1.  5 Vdc. 

3.  3.  1.  2.  2 Under  the  conditions  of  3.  3.  1.  2.1,  but  with  the  sig- 
nal voltage  of  Table  I adjusted  to  15  ±0.  5 Vdc  and  applied  between  Jl-H(+) 
*nd  Jl-B(-),  the  voltage  at  Jl-A  shall  be  23  ±6  Vdc. 


TABLE  B.l  FUNCTIONAL  SPECIFICATION  OF  CPS- 10559261  (continued) 
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3.  3.  1.  3 +24 -volt  output. 
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3.  3.  1.  3.  1 With  the  diode-resistor  load  of  Table  I connected  as 
specified,  and  with  the  signal  voltage  of  Table  I adjusted  to  24  ±1  Vdc 
and  applied  between  Jl-H(+)  and  Jl-B(-),  the  voltage  across  the  240- 
ohm  load  shall  be  16  ±2  Vdc. 

3.  3.  1.  3.  2 Under  the  conditions  of  3.  3.  1.  3.  1,  but  with  the  volt- 
age at  Jl-H  adjusted  to  15  ±0.  5 Vdc,  the  voltages  across  the  240-ohm 
load  and  at  pin  Jl-A  shall  be  within  2 volts. 

3.  3.  2 Environmental. 

3.  3.  2.  1 Storage  temperature.  - The  power  supply  control  shall 
meet  the  requirements  of  3.  3.  1 at  ambient  temperature  (60°F  to  90°F) 
after  having  been  exposed  to  and  thermally  stabilized  at  -80°F  and  +160°F. 

3.  3.  2.  2 Operating  temperatures.  - The  power  supply  control 
shall  meet  the  requirements  of  3.  3.  1.  IT  2,  3.  3.  1.  2 and  3.  3.  1.  3 while 
exposed  to  and  thermally  stabilized  at  -40°F;  and  shall  meet  the  require- 
ments of  3.  3.  1.  1.  1,  3.  3.1.  2 and  3.  3.  1.  3 while  exposed  to  and  thermally 
stabilized  at  +125°F,  subsequent  to  which  it  shall  meet  the  requirements 
of  3.  3.  1.  1,  3.  3.  1.  2,  and  3.  3.  1.  3 at  ambient  temperature  (60°F  to  90°F). 

3.  3.  2.  3 Vibration.  - The  power  supply  control  shall  meet  the 
requirements  of  3.  3.  1 after  being  exposed  to  the  following  vibratory 
conditions : 


(a)  Amplitude: 

(b)  Acceleration: 

(c)  Crossover  frequency: 

(d)  Sweep  time: 


0.  5 inch  maximum 
4g  maximum 
12.  5 Hertz  (Hz) 

5 to  500  to  5 Hz  in  15  minutes. 
Two  sweeps  in  each  of  the 
three  mutually  perpendicular 
axes. 


3.  3.  2.  4 Shock.  - The  power  supply  control  shall  meet  the  require- 
ments of  3.  3.  1 after  being  exposed  to  a total  of  6 shock  impulses,  one  in 
each  direction  of  the  three  mutually  perpendicular  axes.  Each  shock 
impulse  shall  be  a sawtooth  or  half-sine  wave  with  a time  duration  of  6 
milliseconds.  The  peak  amplitude  of  each  shock  impulse  shall  be  lOOg. 

3.  3.  2.  5 Immersion.  - With  the  power  supply  control  pressurized 
to  5 ±1  psig  with  nitrogen  or  air,  and  submerged  no  more  than  2 feet  in 
water  at  a temperature  of  110  ±10°F,  there  shall  be  no  evidence  of  gas 
bubbles  emanating  from  inside  the  unit  during  a 15 -minute  observation 

period. 

% 
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To  specify  the  first  test,  refer  to  paragraph  3. 3. 1.1.1,  "Testing 
battery  charging  current"  Table  B.l.  The  test  module  specification  is 
shown  in  lines  5 to  11,  Table  B.2.  First  assign  a test  name  for  the  test, 
c.g. , 55111.  Next  assign  a name  to  the  stimuli  part,  e.g. , S55111.  If 
they  arc  not  supplied,  the  NOPAL  Processor  will  automatically  assign 
uniques  names  for  them.  The  functional  specification  (see  Table  B.l, 

3. 1.1. 1.1)  says:  "With  the  signal  voltage  of  Table  1 adjusted  to  24  + 1 

VDC  and  applied  between  J1  _H  (+)  and  JI  B (-),  and  the  2.2  Kilohm  load  of 

Table  1 connected  between  J1_A  and  JI  B " It  implies  the  following 

stimuli  conjunctions : 

(1)  Between  G and  B — Apply  29  VDC.  1000  mA  is  obtained  by 
roughly  calculating  the  maximum  current  between  points  G and 
B.  (Refer  to  item  2.2  of  Table  B.l) 

(2)  Between  F and  B — Apply  15  VDC.  Maximum  current  will  be  1 mA. 

(Refer  to  item  2.1  of  Table  B.l) 

(3)  Between  H and  B — Apply  24  VDC.  Maximum  current  100  mA. 

(Refer  to  specified  requirement  in  3. 3. 1.1.1) 

(4)  Between  A and  B — Connect  a 2200  ohm  load  (Refer  to  specified 
requirement  in  3. 1 . 1 . 1 . 1) . 

Therefore,  the  stimuli  of  this  test  (TP.ST  55111)  appears  in  NOPAL  form  as: 
STIMULI  S5511H 

O INJIINI TUN:  ■ II  G,  II  It  VOLT  P SUPPLY  (."IVOIT,  I0UU  MAMP)  !, 

<J1_F,  JJ  B>  VOLT  = P_SUPPLY  (15V0LT,  I MAMP)  f, 

< J1_H , J1  B>  VOLT  = P SUPPLY  (24VOLT,  100  MAMP)  § 


<J1  A,  J1  B> 


= LOAD  L (2200  OHM) ; 
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The  measurement  is  taken  at  point  C according  to  the  functional  specifica- 
tion (3.3.1. 1.1)  — "the  DC  current  at  J1  C shall  be  47+10nA."  lienee, 
the  measurement  conjunction  is  formed  to  take  the  DC  current  at  point  C.  An 
assertion  is  made  consequently  to  decide  if  the  measured  value  (i.e.,  1E29V) 

falls  within  47+10  niA.  The  NOPAL  measurement  statement  is  then: 

MEASUREMENT; 

CONJUNCTION:  JIG  MA  = AMP_M  (IE29V  MA) 

TARGET  = IE29V; 

ASSERTION:  ABS  (IE29V-47)  <=10 

SOURCE  : IE29V; 

Next  part  in  the  test  is  a LOGIC  statement.  After  calculating  the  circuit 
diagram,  at  least  one  of  R1/R11/CR3/Q1B  is  faulty  if  this  test  fails.  Hence, 
diagnosis  2,  with  affected  components  such  as  R1/R11/CR3/Q1B  and  message 
(type  1),  is  selected  to  indicate  the  fault.  Diagnosis  and  message 
definitions  should  be  provided  separately.  They  are  shown  in  Table  B.2 
line  132.  Note  that  the  non-proceduralness  ensures  that  they  can  be  put  on 
any  place  of  the  program  in  any  order.  For  example,  diagnosis  2 looks  like: 
DIAG  2:  AFFECTED  COMP  = S(R1 )/S(Rll)/S(CR3)/NS(QlB) , 

TYPE  = 1. 

The  message  type  is  a text  of  character  string  which  may  be  modifiable  by 
inserting  parameters  in  indicated  locations.  For  example,  message  type  1 
looks  like: 

MESS  1:  'FAULTY  COMPONENTS:  (C) ' ; 


However,  the  decision  relating  to  fault  isolation  sometimes  cannot  be  made 
after  a single  test,  but  only  after  several  tests.  For  instance,  by  calcula- 
tion or  computer  simulation,  component  Q1A  is  faulty  when  all  three  tests 
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(Tests  55111,  55151 , 55132)  fail.  The  LOGIC  part  of  above  three  tests  must 
then  include  an  entry  f) — >12,  where  diagnosis  12  will  indicate  Q1A  is  faulty. 

1110  complete  LOGIC  part  for  test  55111  is: 

LOGIC  1 — .2 , fi— 18,  5— ilO,  fi— »1 2 ; 

Included  is  a complete  test  module  specification  for  one  function  test 
requirement  in  paragraph  3. 3. 1.1.1  of  Table  B.l.  Similarly,  all  the  other 
test  modules  can  be  specified.* 

After  finishing  test  module  specification,  the  UUT  and  ATE  specifications 
must  also  be  prepared.  UUT  related  information  needed  for  automatic  program 
generation  includes  two  parts:  (1)  interconnecting  points  which  arc  used  for 
identifications  of  connecting  points,  e.g.,  UUr_P  ,J1_B,  ALIAS  = TANKJ’OWERRiniJRN, 
G0^^1ENT  = 'GROUND';  as  shown  in  line  137,  Table  B.2.  Note  that  all  the  UUT 
connection  points  should  be  defined,  and  (2)  component  failures  which  identify 
all  the  possible  faulty  components  with  the  type  of  failures  e.g.  COMP_FAIL  2: 

Rl,  FAIL  FUNCTION  = S;  which  is  shown  in  line  51,  Table  B.2. 

ATE  related  information  needed  to  verify  test  modules  specifications  and 
the  UUT  specifications  falls  into  two  parts:  (1)  all  ATE  connecting  points 

to  match  connectors  of  the  Ul/T,  e.g.,  ATEP  30:  ATEPT#30,  UUTPTS  = (J16, 

J22).  This  part  of  the  specification  may  be  omitted  if  no  connectors  between 
UUT  and  ATE  are  required. and  (2)  all  ATE  functions  specified  in  the  stimuli 
and  measurements  sections,  e.g., 

*This  step  involving  the  preparation  of  the  NOPAL  source  may  be  automated 
in  the  near  future.  Some  progress  on  that  has  been  reported  in  "Automatic 
Test  Program  Generation  for  Automatic  Testing  Systems,"  written  by  Cihan 
Tinaztepe  and  others  in  Moore  School  Technical  Report,  University  of 
Pennsylvania,  March  23,  1976. 


RNC  SO,  TYPE  = F,  FARM  = COMP;  which  is  shown  in  line  160,  Table  B.2. 
Observe  that  the  Ul/I  and  ATE  specification  are  used  to  provide  some  supporting 
information  to  the  test  modules.  Should  any  inconsistency  occur,  it  will 
be  caught  by  the  NOPAL  Processor.  A corresponding  error/waming  message  is 
printed  out  to  the  user. 
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TABLE  B.  2 NOPAL  SOURCE  PROGRAM  (continued) 
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b.4  nopai,  amnrr 

1110  NOPAL  Processor  will  take  the  NOPAL  prepared  by  the  user  and 
produce  the  fol lowing  outputs: 

(1)  NOPAL  Test  Specification  Summary  Report.  This  is  the  formatted 
listing  of  test  specification.  All  the  labels,  including  the 
one  supplied  by  users  as  well  as  those  generated  by  NOPAL  Pro- 
cessor, are  shown.  Missing  items  are  assigned  to  their  default 
values.  Abbreviations  are  spelled  out.  For  instance,  if  a test 
module  does  not  contain  a stimuli,  a coimient  "NULL  STIMULI"  in 
the  formatted  listing  indicates  the  fact.  Table  B.3,  B.4,  and 

B.5  illustrate  the  formatted  listings  of  test  module  specification, 
UUT  specification,  and  ATF  specification,  respectively. 

(2)  brror/Waming  Messages  Generated  During  NOPAL  Syntax  Analysis. 

All  the  errors,  e.g.,  illegal  identifiers,  invalid  keywords, 
wrong  syntactical  structure,  etc.  are  listed  in  Table  B.6. 

(3)  Cross  Reference  and  Attribute  Report.  From  the  re]K>rt,  users  can 
check  each  occurrence  of  variables,  functions,  and  connectors,  etc. 
Their  declarations,  e.g.,  the  synonym  of  a function,  the  failure 
type  of  a component,  etc.  are  also  illustrated  in  Table  B.7. 

(4)  Error/Waming  Messages  Generated  During  Cross  Reference. 

.Some  semantic  inconsistencies,  e.g.,  cyclical  back  references, 
ambiguous  SOURCE_TARGET  relationships  and  undefined  component, 
etc.  are  illustrated  in  Table  B.8. 

(5)  Cross  Reference  of  Diagnosis  to  Test-Modules.  For  each  diagnosis 
in  Table  B.9,  the  user  can  check  if  test  modules  utilize  the 
correct  diagnoses. 


I(> 


((>)  Cross  Reference  Messages  to  Diagnoses  to  Tests.  I inch  entry 

indicates  which  diagnoses/tests  refer  to  a particular  message. 

(Sec  Table  B. 10) 

(7)  Cross  Reference  of  Affected  Components  to  Diagnoses  to  Tests 
(See  Table  B.  11) 

(8)  Cross  Reference  of  UITT  Connection  I’oint  to  Tests  to  ATE 
Connection  I’oint.  (See  Table  B.  12) 

(9)  Cross  Reference  of  ATI!  function  to  Test  Modules.  (See  Table  B.13) 
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TABLE  B. 3 NOPAL  FORMATTED  LISTING  OF  TEST  MODULES  SPECIFICATION 
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